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WRITE-ONCE TYPE OPTICAL DISC, AND METHOD AND 
APPARATUS FOR MANAGING DEFECTIVE AREAS ON WRITE- 
ONCE TYPE OPTICAL DISC USING TDMA INFORMATION 

5 Technical Field 

The present invention relates to an optical disc of write-once type, such as 
a Blu-ray Disc Write Once (BD-WO), and a method and apparatus for managing 
a defective area on the write-once type optical disc. 

10 

Baclcground Art 

A new type of high density optical disc such as a Blu-ray Disc Rewritable 
(BD-RE) is being developed. A benefit of the BD-RE is that it has a reAvritable 

15 capability where the quality video and audio data can be written, erased and 
rewritten thereon repeatedly. 

FIG, 1 is a block diagram of a general optical disc device for 
writing/reproducing data to/from an optical disc such as a BD-RE. As shown 
in FIG. 1, the optical disc device includes an optical pickup 11 for 

20 recording/reproducing a signal to/fi:om a BD-RE 10, a video disc recorder 
(VDR) system 12 for processing a signal from the optical pickup 11 as a 
reproduced signal, or demodulating and processing an extern^ data stream into a 
writable signal suitable for writing onto the BD-RE 10, and an encoder 13 for 
encoding an external analog signal and providing the encoded signal to the VDR 

25 system 12. 

FIG. 2 shows a structure of a related art BD-RE. Referring to FIG. 2, 
the BD-RE is divided into a Lead-in Area (LIA), a data area, and a Lead-Out 
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area (LOA), with an Inner Spare Area (ISA) and an Outer Spare Area (OSA) 
assigned to a fore end and a rear end of the data area. 

Referring to FIGS. 1 and 2, the VDR system 12 of the optical disc device 
writes in the data area of the BD-RE the external data in clusters corresponding 
5 to an ECC block unit having a predetermined size of recording, after the VDR 
system 12 encodes and demodulates the external signal into a signal suitable for 
writing. During the writing process, if there is a defective area found in the 
data area of the BD-RE, the VDR system 12 carries out a series of replacement 
writing operations in which the clusters of data written onto the defective area is 

10 written onto one of the spare areas, e.g., on the ISA in place of the defective area. 
Therefore, even if there is a defective area in the data area of the BD-RE, the 
VDR system 12 can prevent a data writing error in advance by writing the 
clusters of data written in the defective area onto the spare area. 

A Blu-ray Disc Write-Once (BD-WO) is another type of high density 

15 optical disc that is being developed where a high quality of data can be recorded 
and reproduced to/from the disc. As the name may suggest, data can be written 
only once on the BD-WO and is not rewritable on the BD-WO, but the BD-WO 
can be read repeatedly. As a result, the BD-WO is useftil where the 
rewritability of data on a recording medium is not desired. 

20 Unfortunately, since the BD-WO is still in the early development stage, 

there are no schemes, no disc stmctures, no apparatuses and no methods on how 
to manage the defective areas of the BD-WO, which will be needed for the BD- 
WO to be commercially viable and operationally feasible. 

25 Disclosure of Invention 



Accordingly, the present invention is directed to a technique for 
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managing a defective area on an optical disc of write-once type such as a BD- 
WO. 

An object of the present invention is to provide a write-once type optical 
disc, and an apparatus and method for effectively managing a defective area of 
5 the write-once type optical disc. 

Additional features and advantages of the invention will be set forfh in 
the description which follows, and in part will be apparent to those havmg 
ordinary skill in the art upon examination of the following or may be learned 
from practice of the invention. The objectives and other advantages of the 

10 invention will be realized and attained by tibie structure particularly pointed out in 
the written description and claims hereof as well as the appended drawings. 

In accordance with an aspect of the invention, a method for managing a 
defective area on a recording medium of writable once type, the recording 
medium including a data area, the data area having a spare area, comprises 

15 detecting an existence of a defective area within the data area of the recording 
medium once data are written onto the data area in a data writing operation; 
writing data written in tibie defective area onto the spare area if the defective area 
is detected; writing temporary management information pertaining to the 
defective area, onto a temporary management area on the recording medium; and 

20 writing access information for accessing the temporary management information, 
onto a reserved area on the recording medium. 

In accordance with another aspect of the invention, a method for 
managing a defective area on a recording medium of writable once type, the 
recording medium including a data area, the data area having a spare area, 

25 comprises writing data written in the defective area onto the spare area if the 
defective area is detected; writing temporary management information pertaining 
to the defective area, onto a temporary management area on the recording 
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medium; writing access infonnation for accessing the temporary management 
information, onto a reserved area on the recording medium; and transferring, at 
finalization of a data writing operation on fee recording medium, the temporary 
management information and the access information as defect management area 
5 (DMA) information into another area on the recording medium. 

In accordance with another aspect of the invention, an apparatus for 
managing a defective area on a recording medium of writable once type, the 
recording medium including a data area, the data area having a spare area, the 
comprises a combination of components for (a) detecting an existence of a 

10 defective area within the data area of the recording medium once data are written 
onto the data area in a data writing operation, (b) writing data written in the 
defective area onto the spare area if the defective area is detected, (c) writing 
temporary management information pertaining to the defective area, onto a 
temporary management area on the recording medium, and (d) writing access 

15 information for accessing tbe temporary management information, onto a 
reserved area on the recording medium. 

In accordance with another aspect of tiie invention, an apparatus for 
managing a defective area on a recording medium of writable once type, the 
recording medium including a data area, the data area having a spare area, 

20 comprises a combination of componente for (a) writing data written in the 
defective area onto the space area if the defective area is detected, (b) writing 
temporary management information pertaining to the defective area, onto a 
temporary management area on the recording medium, (c) writing access 
infonnation for accessing the temporary management information, onto a 

25 reserved area on the recording medium, and (d) transferring, at finalization of a 
data writing operation on the recording medium, the temporary management 
information and the access infonnation as defect management area (DMA) 
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information into another area on the recording medium. 

In accordance with another aspect of the invention, a recording mediimi 
of writable once type, comprises at least one recording layer including a data 
area, the data area having a spare area, wherein an existence of a defective area 
5 within the data area of the recording medium is detected once data are written 
onto the data area in a data writing operation, data written in the defective area is 
written onto the spare area if the defective area is detected, temporary 
management information pertaining to the defective area is written onto a 
temporary management area on the recording medium, and access information 

10 for accessing the temporary management information is written onto a reserved 
area on the recording medium. 

In accordance Avith another aspect of the invention, a recording medium 
of writable once type, comprises at least one recording layer including a data 
area and an area outside of the data area, the data area having a spare area, 

15 wherein data written in a defective area of the data area is written onto the spare 
area if the defective area is detected, temporary management information 
pertaining to the defective area is written onto a temporary management area on 
the recording medium, access information for accessing the temporary 
management information is written onto a reserved area on the recording 

20 medium, and at fmalization of a data writing operation on the recording medium, 
the temporary management information and the access information are 
transferred into the area outside of the data area as defect management area 
(DMA) information. 

It is to be understood that both the foregoing description and the 

25 following detailed description of the present invention are exemplary and 
explanatory and are intended to provide further explanation of the invention 
claimed. 
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Brief Pescription of the Drawings 

Further objects and advantages of the invention can be more fiilly 
5 understood from the following detailed description taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 illustrates a related art optical disc device schematically; 
FIG. 2 illustrates a structure of a related art BD-RE; 
FIG. 3 illustrates a block diagram of an optical disc 
10 recording/reproducing device according to the present invention; 

FIG. 4 illustrates a structure of a BD-WO and a diagram illustrating a 
method for managing a defective area on the BD-WO ia accordance with a 
preferred embodimait of the present invention; 

FIGS. 5 and 6 illustrate diagrams each showing management information 
15 produced and written according to the method of FIG. 4; 

FIG. 7 illustrates a structure of a dual layer BD-WO having the present 
invention applied thereto; and 

FIG. 8 illustrates a structure of a BD-WO and a diagram illustrating a 
method for managing a defective area on the BD-WO in accordance with 
20 another preferred embodiment of the present mvention. 

Best mode for Carrying Out the Invention 

Reference wiU now be made in detail to the preferred embodiments of the 
25 present invention, examples of which are illustrated in the accompanymg 
drawings. 

FIG. 3 is an example of a block diagram of an optical disc 
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recording/reproducing device 20 according to an embodiment of the present 
invention. The optical disc recording/reproducing device 20 includes an optical 
pickup 22 for writing/reading data to/from an optical recording medium 21, a 
servo unit 23 for controlling the pickup 22 to maintain a distance between an 
5 objective lens of the pickup 22 and the recording medium 21 and for tracking 
relevant tracks on the recording medixma 21, a data processor 24 for processing 
and supplying input data to the pickup 22 for writing, and for processing data 
read from the recording medium 21, an interface 25 for exchanging data and/or 
commands with any external host 30, a memory or storage 27 for storing 

10 information and data therem including defect management data (e.g., temporary 
management information, etc.) associated with the recording medium 21, and a 
microprocessor or controller 26 for controlUng the operations and elements of 
the recording/reproducing device 20. Data to be vmtten/read to/from the 
recording medium 21 may also be stored in the memory 27. All the 

15 components of the recording/reproducing device 20 are operatively coupled. 

The recording medium 21 is a recording medium of write-once type such 
asaBD-WO. 

FIG. 4 illustrates a structure of a BD-WO and a method for managing a 
defective area on the BD-WO in accordance with a preferred embodiment of the 
20 present invention. 

Referring to FIG. 4, for example, the BD-WO includes a lead-in area 
(LIA) 36, a data area 31, and a lead-out area (LOA) 34. The data area 31 
includes a user data area 32 assigned with physical sector numbers (PSN) and 
logical sector numbers (LSN), and non-user data areas having only Ihe physical 
25 sector numbers assigned thereto. 

The non-user data areas include an outer spare area (OSA) 35 for writing 
data in place of a defective area of the user data area 32, and a Tenotporary Defect 
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List (TDFL) area 33 for writing temporary management information pertaining 
to the defective areas of the user data area 32 and to the spare area(s) replacing 
the defective areas. 

The data area 31 may further include an inner spare area (ISA) (not 
5 shown) at a fix>nt part of the data area 31 in addition to or in lieu of the OSA 35. 
The TDFL area may be located at a position adjacent to the OSA in lieu of the 
TDFL area 33 or in addition to the TDFL area 33. 

The LIA 36 includes a Defect Management Area (DMA) 36c at any part 
of the LIA 36, and a Temporary Disc Definition Structure (TDDS) area 36a at 
10 any part of the LIA 36. The TDDS area 36a stores therein TDDS information. 
The DMA 36c stores therein DMA information including Disc Definition 
Structure (DDS) information and Defect List (DFL) information. The TDDS 
information, DDS information and DFL information will be discussed later m 
more detail. 

15 The BD-WO can have one or two recording layers. A BD-WO having 

only a single recording layer (Layer 0) may include a single recording layer 
composed of a lead-in area (LIA), a data area, and a lead-out area (LOA), and is 
referred to herein as a single layer disc. A BD-WO having two recording 
layers (Layers 0 and 1) may include two recording layers each composed of a 

20 data area and a LIA (or LOA), and is referred to herein as a dual layer disc. 
The single layer disc can have a capacity of 23.3, 25.0 or 27.0 Gbytes, whereas 
the dual layer disc can have a capacity of 46.6, 50.0, or 54.0 Gbytes. 

It should be noted that all the different embodiments of the present 
invention (e.g., various methods discussed herein) are applicable to any type of a 

25 write-once optical disc, such as a single layer BD-WO or a dual layer BD-WO. 
Further, although the use of the recording/reproducing device 20 of FIG. 3 is 
discussed below in conjunction with the methods of the invention, the invention 
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is not limited to such and encompasses other recording/reproducing devices as 
long as they are configured to implement the present methods. For instance, 
the device shown in FIG. 1 may be used to implement the present methods as 
needed. 

5 Referring to FIGS. 3 and 4, the optical disc recording/reproducing device 

20 writes data continuously on a predetermined writing sector in the user data 
area 32 of the BD-WO, where a writing sector may be set to be a Defect Verify 
Unit (DVU) of a certain recording size equivalent to one or more than one 
physical track or cluster on the BD-WO. 

10 After continuously writing the data on tiie DVUs for a set of data (e.g. 

Recording 1), the microcomputer 26 controls the pickup 22 to conduct a series 
of defective area detecting operations on the Recording 1 area of the BD-WO. 
A defective area detecting operation involves reproducing the data written in a 
DVU and verifying that the data was properly written on the DVU by, e.g., 

15 comparing the actual data reproduced firom the DVU with the data that was 
meant to be written on the DVU. If the verification result indicates that certain 
data was not properly recorded on a DVU, then the recording/reproducing device 
20 assumes that there is a defective area in that DVU of the BD-WO and 
rewrites the data (directed to the defective DVU) onto a spare area (e.g., OSA 

20 35) using a linear replacement scheme. 

For example, after writing first to fifth clusters of data (Clusters #1 ~ #5) 
continuously as a first defect verify unit DVU #1 (step SIO), the microcomputer 
26 controls the pickup 22 to reproduce the data written on DVU #1 progressively 
(e.g., cluster by cluster), and detects if there is any defective area in DVU #1 by 

25 examining the reproduced data. If, for example, a defect is detected in the 
second cluster Cluster #2 (step Sll) at the cluster area 32a where Cluster #2 is 
written, the microcomputer 26 controls the data processor 24 and the pickup 22 
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to carry out a replacement writing operation. In the replacement writing 
operation, the data written to the Cluster #2 area 32a, which may be temporarily 
stored in the memory 27 or some other storage, are written onto a 
cluster/replacement area within the OSA 35 (step S12). In this instance, Cluster 
5 #2 data may be written in tibe OSA 35 starting from either the rear end or the 
fore end of the OSA 35. 

After the replacement writing for Cluster #2 is completed, the 
recording/reproducing device 20 checks the next cluster and so on until the last 
cluster in that DVU is checked. If, for example, a defective area is detected 

10 from the fourth cluster Cluster #4 (S13), the recording/reproducing device 20 
carries out a replacement writing operation as discussed above to write the data 
written in the defective Cluster #4 area onto a next available area within the 
OSA 35, e.g., an area adjacent to the replacemait area for Cluster #2 (step S14). 
The replacement writing operations continue until data on all the 

15 defective clusters in the DVU are written in replacement areas such as spare 
areas. As a result, in this example, DVU #1 ends up having Clusters #1, #3, 
and #5 and two defective areas (original Clusters #2 and #4), where the 
replacement areas (OSA 35) are used to write data thereon in lieu of the two 
defective areas using a linear replacement scheme. 

20 Once the data recording (Recording 1) having a temporal continuity ends 

(which includes the data write operations, the defective area detecting operations 
and replacement writing operations for DVU #1, DVU #2, DVU #n), the 
microcomputer 26 writes temporary management information in the form of 
TDFL information onto the TDFL area 33. In the alternative, when the data 

25 recording (e.g., Recording 1) having a temporary continuity ends in the middle 
of writing fhe data written m the defective area onto the OSA 35 during the 
replacement writing operation, the microcomputer 26 may write defect entries 
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onto the TDFL area 33 as TDFL infonnation at that point, and then update the 
TDFL mformation as needed subsequently. 

The temporary management information is used to manage the defective 
areas in the data area 31 of the BD-WO and to manage the data written in the 
5 replacement areas corresponding to the defective areas. The temporary 
management infonnation may be managed as, e.g., TDFL information 
containing one or more TDFLs. FIG. 5 shows a structure of TDFL information 
according to an embodiment of the invention. 

As shown in FIG. 5, the TDFL information includes one or a pluraUty of 

10 TDFLs (TDFL #1 - TDFL #n). Each TDFL may include one or a plurality of 
defect entries Defect_Entry #1 - Defect_Entry #m. Each defect entry has a 
first physical sector number of a corresponding defective area (PSN of 
Defective), a first physical sector number of a replacement area corresponding to 
that defective area (PSN of Replacement), status infonnation (Status), and any 

15 other data pertaming to a defect entry. That is, the PSN of Defective is a 
physical sector number of a starting point of a cluster area containing the defect. 
Similarly, the PSN of Replacement is a physical sector number of a starting point 
of a replacement area for replacing the defective cluster area. 

As an example only, if the status information (Status) is 'Status = 0000', 

20 this status information indicates that the management information written in the 
corresponding defect entry is a first-time management infonnation on the data 
written in lieu of the defective area detected at the time of data writing operation. 
That is, it mdicates that there is no defect in the replacement area (e.g., in the 
OSA 35) corresponding to the defective area. On the other hand, if the status 

25 information is 'Status = 1001', this status information indicates that the 
management information written in the corresponding defect entry is not the 
first-time management information, but is a second-time management 
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information. That is, it indicates that there was a defect in the first replacement 
area (e.g., in the OSA 35) corresponding to the defective area and the current 
management information pertains to a new, second replacement area (e.g., in the 
OSA 35) that replaces the first defective replacement area in the OSA 35. 
5 Once the writing of the TDFL infonnation (e.g., TDFL #1) for Recording 

1 is completed, the recording/reproducing device 20 may continue with another 
data writing operation (e.g., Recording 2) having a temporal continuity. When 
the data writing operation (Recording 2) ends (which includes the defective area 
detecting operations and the replacement writing operations for all the DVUs of 
10 Recording 2 as discussed above), the temporary management information for 
Recording 2 may be written onto the TDFL area 33. This process may be 
repeated as long as all the data to be written in the data area of the BD-WO are 
properly written. 

For fast access to the TDFL information written thus far, the 
15 microcomputer 26 may be configured to write fast access information m other 
part(s) of the BD-WO. The fast access information may be, e.g.. Temporary 
Disc Definition Structure (TDDS) infonnation and may be written in a reserved 
area 36a of the LIA 36 (FIG. 4). 

As shown in FIG. 5, for instance, the TDDS mformation includes one or 
20 more physical sector numbers (e.g., PSN of TDFL #1) each indicating a location 
of a TDFL written in the TDFL area 33, flag infonnation (e.g., Spare & TDFL 
Full Flag) for indicating whether or not the OSA area 35 and/or the TDFL area 
33 is full, and any other infonnation pertaining to the TDFL information. Here, a 
single flag may be used to indicate whether both the OSA area 35 and the TDFL 
25 area 33 are full, or multiple flags may be used to indicate whether the OSA area 
35 and/or the TDFL area 33 is full. Temporary Defect Management Area 
(TDMA) information includes the TDDS infonnation and the TDFL infonnation. 
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FIG. 6 is a diagram illustrating the process of managing defects in 
replacement areas according to an embodiment of the present invention. 
Referring to FIGS. 4-6, as an example, in the data writing operation when the 
second cluster of data (Cluster #2) is written onto a replacement area 35a within 
5 the OSA 35 due to a defect in the corresponding cluster area 32a of the user data 
area 32, the recording/reproducing device 20 writes TDFL information 
pertaining to Cluster #2 onto the TDFL area 33 as discussed above. This TDFL 
information contains a first defect entry (e.g., Defect Entry #1) pertaining to 
Cluster #2, a physical sector number of the replacement area 35a (PSN of 

10 Replacement Cluster #2), a physical sector number of the second cluster area 
32a having a defect (PSN of Defective Cluster #2), the status information of 
'Status = 0000', and so on. 

Thereafter, if a new defect is detected in the middle of reproduction of the 
second cluster of data Cluster #2 written in the replacement area 35a of the OSA 

15 35 according to the data reproduction operation (step S50), the second cluster of 
data Cluster #2 is written onto a second replacement area (e.g., area 35c) of the 
OSA 35 (step S51). The physical sector number of fee second replacement 
area 35c (PSN of Replacement Cluster #2 (New)), the physical sector number of 
the second cluster area 32a of the user data area 32 having a defect (PSN of 

20 Defective Cluster #2), the status information of 'Status = 1001' (indicating 
double replacements), etc. are written onto the TDFL area 33 as a (m+l)th defect 
entry (Defect_Entry #(m+l)). Any defect in the replacement/q)are areas is 
managed in this manner. 

When a data reproduction operation is carried out again, the second 

25 cluster of data written in the second replacement area 35c of the OSA 35 is read 
and reproduced based on flie stored TDFL information of the (m+l)th defect 
entry while disregarding the TDFL information on the first defect entry written 
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before. The status information of '1001' value included in the (m+l)th defect 
entry (Defect_Entry #(m+l)) indicates to the recording/reproducing device 20 to 
disregard the data obtained from using the previous defect entry (e.g., 
Defect_Entry#l). 

5 In this manner, different status values can be designated to indicate 

priority of defect entries. As a mere example, the status information of ' 1 1 0 1' 
value associated with a defective cluster area may meaa that the 
recording/reproducing device 20 should disregard the next lower priority defect 
entry having the status information of '1001' value and associated with the same 

10 defective cluster area. That is, the status value of '1101' may indicate that a 
defect is present in the second replacement area and that the present replacement 
area is a third replacement area replacing the defective second replacement area 
of the OSA 35. Obviously, any value(s) can be used as the status information. 
In one embodiment, if the flag information (e.g. 'Spare & TDFL Full 

15 Flag') in tile TDDS indicates tiiat flie OSA 35 and the TDFL area 33 are full 
with data, then the recording/reproducing device 20 does not carry out, but omits 
any unnecessary defective area detecting and replacement writing operations. 
But if flie OSA 35 and tiie TDFL area 33 are not full wita data based on the flag 
information, the recording/reproducing device 20 continues with the defective 

20 area detecting and replacement writing operations. The defective area 
detecting and replacement writing operations can be stopped without a command 
for finalizing the data writing on the BD-WO, such as a 'Disc Finalize' 
command. Such a command to finalize the data writing on the BD-WO can be 
generated by the microcomputer 26. For instance, if the user data area 32 or an 

25 operator's selected user data is Ml, then the command to fbalize the data 
writing on the BD-WO may be generated. 

In another example, upon reception of the command for finalizing 

I 
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(finalize command) the data writing on the BD-WO, such as a 'Disc Finalize' 
command, in the middle of the defective area detecting and replacement writing 
operations, and if the flag information indicates that the OS A 35 and the TDFL 
area 33 are not full, then the recording/reproducing .device 20 may keep 
5 performing the defective area detecting and replacement writing operations even 
though the recording/reproducing device 20 stops a general data writing 
operation (e.g., writing data into the user data area 32). 

At the finalization (e.g., in response to the finalize command), the 
microcomputer 26 reads the TDDS information and the TDFL information 

10 written thus far in the areas 36a and 33, respectively, and writes them 
permanently onto the Defect Management Area (DMA) 36c in the LIA 36 as 
DMA information. That is, TDMA information composed of the TDDS 
information and the TDFL information is transferred onto the DMA 36c as 
DMA information composed of the DDS information and DFL information. 

15 The DDS information and DFL information correspond respectively to the 
TDDS and the TDFL information, but in the DDS information, the PSNs stored 
in the TDDS information are modified to correspond to the locatian(s) of the 
DFLs instead of the location(s) of the TDFLs. 

The BD-WO may include a plurality of DMAs with the same DMA 

20 information stored in each of the DMAs, so that any loss or inaccurate reading of 
DMA information may be prevented in view of the duplicability of the DMA 
information from different DMAs. The first and second defect management 
areas DMA 1 and 2 may be assigned to the LIA, and third and fourth defect 
management areas DMA 3 and 4 may be assigned to the LOA. Accordingly, 

25 when a recording/reproducing device carries out a data reproduction operation, 
the data written in the replacement area(s) of the spare area, instead of the 
defective area(s) of the user data area, can be read and reproduced using the 
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DDS information and the DFL infonnation (DMA information) stored in any 
one of the DMAs. 

Moreover, the data written in a subsequent replacement area due to any 
defect in the replacement areas can be read and reproduced properly using the 

5 status infonnation in the defect entries (Defect_Entcys). 

Furthermore, any unnecessary defect detecting and replacement writing 
operations can be stopped automatically with reference to the flag infonnation 
(Spare & TDFL Full Flag) mcluded m the TDDS information and the like, if the 
spare area and the TDFL area are full. 

10 FIG. 7 shows a structure of a dual layer BD-WO according to an 

embodiment of the present invention. Referring to FIG. 7, the BD-WO is a 
dual layer disc having a first layer (Layer #0) and a second layer (Layer #1). The 
first layer includes a LIA 36, a data area 31 and an outer zone area (Outer Zone 
0), whereas the second layer includes a data area 31, an outer zone area (Outer 

15 Zone 1), and a LOA 41 . Also, a first outer spare area (OSA 0) 35 and a second 
outer spare area (OSAl) 42 may be assigned to non-user data areas adjacent to 
the outer zone (Outer Zone 0) of the first layer and the outer zone (Outer Zone 1) 
of the second layer, respectively. 

Applying the above-discussed concepts of the invention, a TDFL area 

20 may be located in a non-user data area 33 adjacent to the LIA. 36 of the first layer, 
and a TDFL area may be located in a non-user data area 40 adjacent to the LOA 
41 of the second layer. Since the data writing operation generally occur firom 
the start of the user data area 32a of the first hiyer (mdicated here as "LSN=0") 
to the end of the user data area 32b of the second layer (indicated here as "Last 

25 LSN") in the dotted arrow direction as shown, the TDFL areas 33 and 40 may be 
used sequentially or independentiy to store therein the TDFL information. If 
the TDFL areas 33 and 40 are sequentially used, then the second TDFL area 40 
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would not be used until the fust TDFL area 33 is filled up. If the TDFL areas 
33 and 40 are used independently, each TDFL area may be assigned to contain 
information directed to only one layer. For instance, the TDFL area 33 may 
contain information pertaining to only the first layer (Layer #0), and the TDFL 
5 area 40 may contain information pertaining to only the second layer (Layer #1). 

Similarly, the LIA 36 and the LOA 41 may be used sequentially or 
independently to store therein the TDDS and/or DMA (DDS & DFL) 
information as discussed above. For instance, if the LIA 36 and the LOA 41 
are sequentially used, then the second TDDS area 41a may not be used until the 

10 first TDDS area 36a is filled up. If the LIA 36 and the LOA 41 are used 
independently, for instance, the first TDDS area 36a may contain information 
pertaining to only the first layer (Layer #0), and the second TDDS area 41a may 
contain information pertaining to only the second layer (Layer #1). 

Likewise, the first and second DMAs 36c and 41c may be used 

15 sequentially or independently. For instance, if the DMAs 36c and 41c are used 
sequentially, then the second DMA 41c would not be used until the first DMA 
36c is filled up. If the DMAs 36c and 41c are used independently, then the first 
DMA 36c may contain DMA information pertaining only to tihe first layer 
(Layer #0) (which may be obtained firom the first TDM A areas 33 and 36a 

20 and/or the second TDMA areas 40 and 41a) or may contain DMA information 
entirely corresponding to the information stored in the first TDMA areas 33 and 
36a. In the same case, the second DMA 41c may contain DMA information 
pertaining only to the second layer (Layer #1) (which may be obtained from the 
first TDMA areas 33 and 36a and/or the second TDMA areas 40 and 41a), or 

25 may contain DMA information entnely corresponding to the information stored 
in the second TDMA areas 40 and 41a. Other variations are possible. 

Each TDFL area may have a recording size equivalent to 2048 physical 
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clusters, and each OSA may have a recording size equivalent to multiple of 256 
physical clusters. 

FIG. 8 show a structure of a BD-WO and a diagram for illustrating a 
method of managing defective areas on the BD-WO according to another 
5 preferred embodiment of the present invention. This embodiment is identical 
to the embodiment shown in FIGS. 4-6 above, except that both the TDFL 
information and the TDDS information are now written in a particular sector in 
front/behind of the data area, for example, in the LIA. 

For example, referring to FIG. 8, the LIA 36 includes a DMA 36c for 
10 storing therein the DMA information conotposed of the DDS and DFL 
information, and a TDMA area 3'6e for storing therein the TDMA information 
composed of the TDDS and TDFL information. Other data may be also stored 
in the LIA 36. 

This concept of the FIG. 8 embodiment is equally applicable to a BD-WO 
15 having a plurality of recording layers. For example, the embodiment of FIG. 8 
is equally applicable to the dual layer BD-WO structure shown in FIG. 7. In 
that case, the structure of the dual layer BD-WO having DMA and TDMA 
information as discussed above in reference to FIG. 7 can be modified such that 
the TDFL areas can be located within the LIA and/or LOA of the dual layer BD- 
20 WO, in stead of being located within the data areas (33, 40) of the first and 
second layers. All other concepts associated with the FIG. 7 embodiment can 
apply herein. 

In the present invention, the data reproducing operation can occur 
currently, subsequently or prior to the data writing operation. The data writing 
25 operation can occur currently, subsequently or prior to the defect detecting 
operation and/or data replacement writing operation and/or the management 
information writing operation. Also in the present invention, the order in 
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which the DDS area, DFL area, TDDS area, and the TDFL area are allocated 
within the LIA and LOA may vary. For instance, in FIG. 4, the TDDS area 36a 
may precede the DMA 36c in the LIA 36. 

5 Industrial appllcabilitv 

As has been described, the method and apparatus for managing a 
defective area on a recording medium of write-once type permit reading and/or 
reproducing of data written on a defective area of the recording medium such as 

10 BD-WO, properly by writing the data on a spare area in lieu of the defective area 
and managing the temporary management data, effectively. In addition, the 
method and apparatus can read and rq)roduce the data written in other 
replacement areas when the first replacement area is found to be defective, using 
status information in a defect entry. The method and apparatus can stop 

15 unnecessary defect detecting and/or replacement writing operations if the spare 
area (replacement area) and the TDFL area are indicated as full based on flag 
information stored in TDDS information. 

It will be apparent to those skilled in the art that various modifications 
and variations can be made in the present invention without departing fixxm the 

20 spirit or scope of the invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention provided they come 
within the scope of the appended claims and their equivalents. 
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What is Claimed is; 

1. A method for managing a defective area on a recording medium of 
writable once type, the recording medium including a data area, the data area 

5 having a spare area, the method comprising: 

(a) detecting an existence of a defective area within the data area of the 
recording medium once data are written onto the data area in a data writing 
operation; 

(b) writing data written in tiie defective area onto the spare area if the 
10 defective area is detected; 

(c) writing temporary management information pertaining to the 
defective area, onto a temporary management area on the recording medium; and 

(d) writing access information for accessing the temporary management 
information, onto a reserved area on the recording medium. 

15 

2. The method as claimed in claim 1, wherein in the writing step (c), the 
temporary management area is located within a non-user data area of the data 
area on the recording medium. 

20 3. The method as claimed in claim 2, wherein the recording medium 

includes first and second recording layers having first and second data areas, 
respectively, and wherein in the writing step (c), the temporary management area 
includes first and second temporary management areas respectively located 
within the first and second data areas. 

25 

4. The method as claimed in claim 1, wherein in the writing step (c), the 
temporary management area is located outeide of the data area on the recording 
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medium. 

5. The method as claimed in claim 4, wherein the temporary management 
area is located in a lead-in area on the recording medium, 

5 

6. The method as claimed in claim 4, wherein the recording medium 
includes first and second recording layers, the first recording layer having a first 
data area and a lead-in area, the second recording layer having a second data 
area and a lead-out area, and wherein the temporary management area and the 

10 reserved area are both located within at least one of the lead-m area of the first 
recording layer and the lead-out area of the second recording layer. 

7. The method as claimed in claim 1, wherein in the writing step (d), the 
reserved area is located outside of the data area on the recording medium. 

15 

8. The method as claimed in claim 7, wherein the reserved area is located 
in a lead-in area or a lead-out area on the recording medium. 

9. The method as claimed in claim 7, wherein the recording medium 
20 includes first and second recording layers having first and second data areas, 

respectively, and wherein in the writing step (d), the reserved area includes first 
and second reserved areas respectively located outeide of the first and second 
data areas. 



25 10. The method as claimed in claim 2, wherein in the writing step (d), the 

reserved area is located outside of the data area on the recording medium. 
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11. The method as claimed in claim 10, wherein the recording medium 
includes first and second recording layers having first and second data areas, 
respectively, 

in the writing step (c), the temporary management area includes first and 
5 second temporary management areas respectively located withia the first and 
second data areas, and 

in the writing step (d), the reserved area includes first and second 
reserved eaceas respectively located outside of the first and second data areas. 

10 12. The method as claimed in claim 4, wherein in the writing step (d), the 

reserved area is also located outside of the data area on the recording medium. 

13. The method as claimed in claim 12, wherein the recording medium 
includes first and second recording layers having first and second data areas, 

15 respectively, 

in the writing step (c), the temporary management area includes first and 
second temporary management areas respectively located outside of the first and 
second data areas, and 

in the writing step (d), the reserved area includes first and second 
20 reserved areas respectively located outside of the first and second data areas. 

14. The method as claimed in claim 1, wherein in the writing step (c), the 
temporary management information includes temporary defect list (TDFL) 
information having at least one teinporary defect list (TDFL), the at le^t one 

25 temporary defect list identifymg a location of the defective area and a location of 
a replacranent area in the spaire area corresponding to the defective area. 
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15. The method as claimed in claim 14, wherein the at least one TDFL 
further includes status information identifying whether a defect is present in the 
replacement area of the spare area. 

5 16. The method as claimed in claim 1 5, further comprisiiig: 

(e) exainining status ioformation in a curreat defect entty of the at least 
one TDFL during a data reproduction operation; and 

(f) disregarding data reproduced using a previous defect entry associated 
with the current defect entry, if the status information in the current defect entry 

10 indicates that a defect is present in a part of the spare area associated with the 
previous defect entry. 

17. The method as claimed in claim 1, wherein in the writing step (d), the 
access information includes temporary disc definition structure (TDDS) 

15 information identifying location information pertaining to the temporary 
management information on the recording medium. 

18. The method as claimed in claim 17, wherein in the writing step (d), 
the access information further includes flag information indicating whether at 

20 least one of the ^are area and the teroporary management area is fall. 

19. The method as claimed in claim 1, further comprising: 

(g) transferring, at finaUzation of a data writing operation on the 
recording medium, the temporary management information and the access 

25 information as defect management area (DMA) information into an area outside 
of the data area on the recording medium. 
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20. The method as claimed m claim 19, wherein in the transferring step 
(g), the area outside of the data area is a lead-in area or a lead-out area on the 
recording medium. 

5 21. The method as claimed in claim 1, wherein the recording medium is a 

Blu-ray Disc Write Once (BD-WO). 

22. A method for managing a defective area on a recording medium of 
writable once type, the recording medium including a data area, the data area 

10 having a spare area, the method comprising: 

writing data written in the defective area onto tlie spare area if the 
defective area is detected; 

writing temporary management information pertaining to the defective 
area, onto a temporary management area on the recording medium; 
15 writing access information for accessing the temporary management 

information, onto a reserved area on the recording mediimi; and 

transferring, at finalization of a data writing operation on the recording 
medium, the temporary management information and the access information as 
defect management area (DMA) information into another area on the recording 
20 medium. 

23. The method as claimed in claim 22, wherein in the transferring step, 
the another area on tiie recording mediimi includes at least one of a lead-in area 
and a lead-out area on the recording medium. 

25 

24. The metiiod as claimed in claim 22, wherein the recording medium is 
a Blu-ray Disc Write Once (BD-WO). 
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25, An apparatus for managing a defective area on a recording medium of 
writable once type, the recording medium including a data area, the data area 
having a spare area, the apparatus comprising: 

(a) means for detecting an existence of a defective area within the data 
area of the recording medium once data are written onto the data area in a data 
writing operation; 

(b) means for writing data written in the defective area onto the spare area 
if the defective area is detected; 

(c) means for writing temporary management information pertaining to 
the defective area, onto a temporary management area on the recording medium; 
and 

(d) means for writing access infonnation for accessing the temporary 
management infonnation, onto a reserved area on the recording medium. 

26. An apparatus for managmg a defective area on a recording medium of 
writable once type, the recording medium including a data area, the data area 
having a spare area, the apparatus comprising: 

(a) means for writing data written in the defective area onto the spaxe area 
if the defective area is detected; 

(b) means for writing temporary management information pertaining to 
the defective area, onto a temporary management area on the recording medium; 

(c) means for writing access information for accessing the temporary 
management information, onto a reserved area on the recording medium; and 

(d) means for transferring, at finalization of a data writing operation on 
the recording medium, the temporary management information and the access 
information as defect management area (DMA) information into another area on 
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the recording medium. 

27. A recording medium of writable once type, comprising: 
at least one recording layer including a data area, the data area having a 
5 spare area, 

wherein an existence of a defective area within the data area of the 
recording medium is detected once data are written onto the data area in a data 
writing operation, 

data written in the defective area is written onto the spare area if the 
10 defective area is detected, 

temporary management information pertaining to the defective area is 
written onto a temporary management area on the recording medium, and 

access information for accessing the temporary management information 
is written onto a reserved area on the recording medium. 

15 

28. The recording medium as claimed in claim 27, wherein the data area 
includes a user data area and a non-user data area, and the temporary 
management area is located witiiin the non-user data area on the recording 
medium. 

20 

29. The recording medium as claimed in claim 28, wherein the at least 
one recording layer includes iSrst and second recording layers having first and 
second data areas, respectively, and the temporary management area includes 
first and second temporary management areas respectively located within the 

25 first and second data areas. 



30. The recording medium as claimed in claim 27, wherein the temporary 
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management area is located outside of the data area on the recording medium. 



3 1 . The recording medium as claimed in claim 30, wherein the temporary 
management area is located in a lead-in area on the recording medium. 

5 

32. The recording medium as claimed in claim 30, wherem the at least 
one recording layer includes first and second recording layers, the first recording 
layer having a first data area and a lead-in area, the second recording layer 
having a second data area and a lead-out area, and wherein the temporary 

10 management area and the reserved area are both located within at least one of llie 
lead-in area of the first recording layer and the lead-out area of the second 
recording layer. 

33. The recording medium as claimed in claim 27, wherein the reserved 
15 area is located outside of the data area on the recording medium. 

34. The recording medium as claimed in. claim 33, wherein the at least 
one recording layer further includes a lead-in area or a lead-out area, and the 
reserved area is located in the lead-in area or the lead-out area on the recording 

20 medium. 

35. The recording medium as claimed in claim 33, wherein the at least 
one recording layer includes first and second recording layers having first and 
second data areas, respectively, and the reserved area includes first and second 

25 reserved areas respectively located outside of the &cst and second data areas. 

36. The recording medium as claimed in claim 28, wherein the reserved 
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area is located outside of the data area including the user data area on the 
recording medium. 

37. The recordittg medium as claimed in claim 36, wherein the at least 
5 one recording layer includes first and second recording layers having first and 

second data areas, respectively, 

the temporary management area includes first and second temporary 
management areas respectively located within the first and second data areas, 
and 

10 the reserved area includes first and second reserved areas respectively 

located outside of the first and second data areas. 

38. The recording mediimi as claimed in claim 30, wherein the reserved 
area is also located outside of the data area on the recording medixmi. 

15 

39. The recording medium as claimed in claim 38, wherein the at least 
one recording layer includes first and second recording layers having first and 
second data areas, respectively, 

the temporary management area includes first and second temporary 
20 management areas respectively located outside of the first and second data areas, 
and 

the reserved area includes first and second reserved areas respectively 
located outside of the first and second data areas. 

25 40. The recording medium as claimed in claim 27, wherein the temporary 

management information includes temporary defect list (TDFL) information 
having at least one temporary defect list (TDFL), the at least one temporary 
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defect list identifying a location of the defective area and a location of a 
replacement area in the spare area corresponding to the defective area. 

41. The recording medium as claimed in claim 40, wherein the at least 
5 one TDFL further includes status information identifying whether a defect is 

present in the replacement area of the spare area. 

42. The recording medium as claimed in claim 40, wherein the location 
of the defective area and the location of a replacement area in the spare area 

10 corresponding to iJie defective area are represented in phj^ical sector numbers. 



43. The recording medium as claimed in claim 27, wherein the access 
information includes temporary disc definition structure (TDDS) information 
identifying location information pertaining to the temporary naanagement 
1 5 information on the recording medium. 



44. The recording medium as claimed in claim 43, whereia the access 
information furttier includes flag information indicating whether at least one of 
the spare area and the temporary management area is fiill. 

20 

45. The recording medium as claimed in claim 27, wherein the at least 
one recording layer fijrther mcludes an area outside of the data area on the 
recording medium, 

where, at finalization of a data writing operation on the recording 

25 medium, the temporary management information and the access information are 
transferred into the area outside of the data area as defect management area 
(DMA) information. 
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46. The recording medium as claimed in claim 45, wherein the area 
outside of the data area is a lead-in area or a lead-out area on the recording 
medium. 

5 

47. The recording medium as claimed in claim 27, wherein the recording 
medium is a Blu-ray Disc Write Once (BD-WO). 

48. A recording medium of writable once type, comprising: 

10 at least one recording layer including a data area and an area outeide of 

the data area, the data area having a spare area, 

wherein data written in a defective area of the data area is written onto the 
spare area if the defective area is detected, 

temporary management information pertaining to the defective area is 
1 5 written onto a temporary management area on the recording medium, 

access information for accessing the temporary management information 
is written onto a reserved area on the recording mediirai, and 

at finalization of a data writing operation on the recording medium, the 
temporary management information and the access information are transferred 
20 into the area outside of the data area as defect management area (DMA) 
information. 

49. The recording medium as claimed in claim 48, wherein the area 
outside of the data area on the recording medium includes at least one of a lead- 

25 in area and a lead-out area on the recording medium. 



50, The recording medium as claimed in claim 48, wherein the recording 
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medium is a Blu-ray Disc Write Once (BD-WO). 
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